Introduction
The phytotoxic b eh a v io u r o f several su bstituted pyridazinones has been know n for ab o u t ten years, but their m ode o f action is still a m atter o f discus sion. It has been d em onstrated th at pyridazinon es inhibit the Hill reaction in isolated chloroplasts when artificial electron acceptors are used [1] . Som e evidence suggests how ever, th a t these com poun d s can not penetrate into the chloroplasts u n d er in vivo conditions [2, 3] . It is notew orthy th at the Hill reac tion inhibiting capacity o f the pyridazinones is in dependent o f th e ir chem ical structure, w hich does not hold for other herbicidal effects. Tw o trifluoromethyl derivatives, SAN 6706 and 9789 are reported to be strong inhibitors o f carotenoid biosynthesis, leading to the com plete absence o f all types of coloured carotenoid pigm ents [4, 5] . T he absence of carotenoids results in the ph o to d eco m p o sitio n o f chlorophylls and the desintegration o f the chlo ro plast lam ellar structure in light o f high intensity [6. 7] , The absence o f 70S chloroplastic ribosom es has also been d em onstrated to be a consequence o f the action o f the bleaching com pounds [8, 9] . SAN 9785 causes no in h ib itio n of pigm ent b io Reprint requests to Dr. G. Laskay.
0341-0382/83/0900-0736 S 01.3 0 /0 synthesis, but leads to great alteratio n s in the lipidand fatty acid-com position o f chloroplasts [10] .
In order to gain m ore in fo rm atio n ab o u t the herbicidal action o f pyridazinone co m p o u n d s, an investigation has been carried o ut concerning the effects o f the differently su b stitu ted d eriv ativ es SAN 6706. 9789 and 9785 on th e ch lo ro p last developm ent during the greening o f etio lated detached barley leaves. This unusual ex p erim en tal system seems to be very prom ising to study the herbicidal action o f pyridazinones.
Materials and Methods

Plant materiaI
Barley (Hordeum vulgare L.) seeds w ere g e rm i nated in the dark for 7 days. T he u p p er 5-cm region o f the etiolated leaves was cut o ff and placed on Petri dishes containing culture m ed iu m w ith and w ithout 4 x 1 0 -4 m herbicide. All o p eratio n s w ere carried out under dim green light. T he co n cen tra tion o f the herbicides was selected on the basis o f previous experim ents, so th at the h erb icid es p ro duced total bleaching in barley plants treated from the beginning o f germ ination and kept u n d er co n tinuous illum ination. 
Pigment extraction and analysis
Pigments were extracted w ith ice-cold absolute acetone and were transferred im m ediately to petroleum ether. C hlorophyll a, chlorophyll b and the individual carotenoids were sep arated w ith thinlayer chrom atography on plates o f Silica gel G : cellulose pow der (1 :1 ) with th e solvent m ix tu re benzene:petroleum eth er:eth an o l:w ater (5 :5 :1 :0 .5 ) [11] . Q uantitative d eterm ination o f pigm ents was carried out by using the extinction coefficients after [12] ,
Fluorescence measurements
Fluorescence spectra of the le a f sam ples w ere recorded with a Perkin-E lm er M P F 44/A spectrofluorim eter at 77 K as described in [ 13] .
Results
Accumulation o f carotenoids in control leaves
In the dark-grow n leaves relatively low am ounts o f carotenes and neoxanthine are present (T ab le I, columns 1 and 10) w ith equally high am ounts o f lutein + zeanxanthine and violaxanthine (colum ns 4 and 7). The carotene content is only 10% o f the total carotenoids (colum ns 1 and 13), an d the m olar ratio o f the xanthophyll pigm ents (lu tein + zeax an th in e: violaxanthine: neoxanthine) is 6 :6 :1 . A fter ex posure of the leaves to continuous illum ination, the total carotenoid content exhibits a tw o-fold increase during the first 12 h o f greening. By this tim e the carotene content is 17% o f the total carotenoids, and the m olar ratio o f the xanthophyll pigm ents is 4.5 :3 :1 . The accum ulation rates o f the in d iv id u al carotenoid pigm ents differ, the largest rates being observed for the carotene (colum n 1) and n eo x a n thine (colum n 10) fractions. D uring the next 12 h further increases occur. By the end o f the first d ay o f greening, the carotene content accounts for the one-fourth of the total carotenoids, and the m o lar ratio o f the xanthophyll pigm ents is 4 :2 :1 . As the greening proceeds, the accum ulation o f the c a ro tenoid pigments slows dow n, and by the end o f the second day o f greening no fu rth er accu m u latio n can be seen. At this tim e the carotene content accounts for one-third o f the total carotenoids, and the m o lar ratio of the xanthophylls is 2 :1 :1 .
Effect o f SA N 9785 on the accumulation o f carotenoid pigments
There is a 30% reduction in the total caro ten o id content in the dark-grow n leaves after in cu b atio n w ith SAN 9785 (colum ns 13 and 14) . T he p e r centage ratio o f the carotenes rem ains u nchanged (10%), but the xanthophyll m olar ratio is changed to 8 :9 :1 . A fter exposure o f the leaves to light, the accum ulation o f the carotenoid pigm ents is sim ila r to that in the control leaves, b u t the accu m u latio n rates o f the individual carotenoids are d ifferent. D uring the first 12 h a large increase can be o b served in the carotenes and in the lutein + ze a xanthine fraction, causing a three-fold increase in the total carotenoid content. T he xanthophyll m o la r ratio is changed to 7 :3 :1 . This high accu m u latio n rate slows down during the second day o f greening. At this tim e the am ounts o f the in d iv id u al c a ro tenoid pigm ents equal those in the control, w ith slightly less carotene content.
Effects o f SAN 6706 and 9789 on the accumulation o f carotenoid pigments
N o appreciable difference in the am ounts o f the individual carotenoids as com pared to th e control - 40  54  12  21  26  14  54  59  61  36  25  47  12  8  10  123  119  132  24  53  43  16  82  73  76  42  36  29  22  15  21  199  166  142  48  67  53  -83  88  66  41  45  12  40  39  15  230  225  93 can be observed in the dark-grow n leaves after the incubation w ith these pyridazinones. A fter exposure of the leaves to light, accum ulation o f pigm ents takes place during the first 12 h o f greening. The accum ulation rate o f the lu te in -1-zeaxanthine and violaxanthine fractions (colum ns 6 and 9) exceed the control values, w hereas the carotene content reaches only 66% o f that in the control (colum n 3). D uring the next 12 h o f greening the accum ulation o f pigm ent show different features: further accu m ulation can be observed only in the lutein + zea xanthine and neoxanthine fractions (colum ns 6 and 12), w hile the carotene content rem ains u n changed (colum n 3). and the violaxanthine content (colum n 9) decreases considerably. At this tim e the carotene ratio is 11%. and the m olar ratio of x anth o phylls is 3. 
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A c cu m u la tio n o f c h lo ro p h y lls a n d th e e ffe c ts o f p y rid a zin o n e s
C hlorophyll a and chlorophyll b are accum ulated continuously in the control leaves during greening (Fig. 1) . The chlorophyll a content o f SAN 9785- treated leaves is reduced in every stage o f greening, while the chlorophyll b content exceeds the control value. In SAN 6706-and 9789-treated leaves a higher accum ulation rate o f chlorophyll a can be observed in the first 12 h o f greening th an in the control, w hereas the chlorophyll b contents are equal. T his stim ulatory action was observed also in the treated leaves greening u nder low light intensity [13] . As the greening proceeds, the fu rth er accu m u lation o f chlorophylls stops, and a slight destruction occurs, causing a 50% loss in chlorophyll a and a 60% loss in chlorophyll b by the end o f the second day.
F lu orescen ce o f th e d e v e lo p in g leaves
The form ation o f photosynthetically com petent pigm ent form s was stu d ied by lo w -tem p eratu re fluorescence m easurem ents. T he developm ent o f the final shape o f the fluorescence spectrum o f green leaves was com pleted in 48 h o f greening (Fig. 2) . N o significant difference betw een the control and SAN 9785-treated leaves was observed during green ing. indicating th at this com pound exerts no in ter ference on chloroplast developm ent. T his is not the case for SAN 6706 and 9789, for these herbicides caused m arked alteratio n s in the fluorescence spectra in all stages o f greening. It seem s th a t the early phase o f greening proceeds m ore rap id ly in the treated leaves, as th e spectrum shows a m ore developed state after 4 h o f greening. A 5 nm shift o f the long-wave m axim um o f the spectrum tow ards shorter waves can be observed, the shift reaching 10 nm as the greening proceeds. T his change is accom panied by a gradual reduction in the fluores cence intensity o f the short-w ave band: in the final stage of greening no discrete fluorescence bands can be distinguished in this region, and the w hole sh o rt wave band tends to d isa p p ea r from the spectrum .
Discussion
SAN 6706 and 9789 are know n to be effective inhibitors o f carotene biosynthesis. This in h ib ito ry action has been show n to be indep en d en t o f the light intensity used, and also occurs in darkness [4] , U nder our experim ental circum stances, how ever, only very slight change in the carotene content o f dark-grow n leaves was observed after trea tm e n t with these com pounds. A sim ilarly slight change was detected in SAN 9785-treated leaves. Since this com pound is not an in h ib ito r o f carotenogenesis, we conclude that the tw o bleaching co m pounds had no appreciable effect on carotene biosynthesis in the dark. Several possibilities exist to explain this fin d ing: 1) The herbicide concentration used in ou r experim ents was insufficient for the in h ib ito ry action to be exerted. In o th er experim ental system s (growing intact barley plants from the beginning o f germ ination in the presence o f the sam e co n cen tra tion of the inhibitors) how ever, we observed a total loss of all coloured carotenoids in the dark. 2) P rac tically no further accu m u latio n o f carotenes takes place during the 24 h incubation perio d , so an inhibitory action, even if it exists, can not be observed. T his w ould m ean th a t the tu rn o v er rate o f carotenes is very sm all, w hich is not very likely.
3) The penetration o f the herbicides from the m edium to the leaves, and w ithin the leaves to the functionally active sites, is very low. T his can explain the fact that, during the first day o f g reen ing under continuous illum ination, caro ten e b io synthesis and accum ulation do occur in th e trea ted leaves too, but at a considerably low er rate. T his accum ulation stops and all carotenes d isa p p e a r by the end of the second day o f greening. It is a likely assum ption that the d isa p p earan ce o f th e carotenes coincides w ith the tim e by w hich a sufficient am ount o f inhibitors is accum ulated in the leaves. 4) Carotene biosynthesis proceeds via enzym atical desaturation o f colourless precursor m olecules, e.g. phytoene and phytofluene to carotenes. SAN 6706 and 9789 are reported to in h ib it this d esatu ratio n step [14] , The delay in the in hibitory action on carotene biosynthesis in o u r case can be explained, if we assume that this inhibitory action results from interference o f the chem icals w ith the de novo b io synthesis o f the enzym e(s) catalyzing the d e s a tu ra tion reaction and not from the direct action on the function of these enzymes.
It is worth m entioning that, once the carotene content stops accum ulating, an ad d itio n al effect o f SAN 6706 and 9789 on the xanthophyll content can be observed. It seems th at the zeaxanthine -► violaxanthine transform ation is in h ib ited , b ut the violaxanthine -*• neoxanthine tran sfo rm atio n can p ro ceed. This experim ental system provides a useful tool for studying the biosynthesis o f xanthophylls per se.
Chlorophylls are known to be photo d eco m p o sed under high light intensity in the absence o f coloured carotenoids and in the presence o f m olecular oxygen [6. 7] , In our case, how ever, the situ atio n is d ifferent, because after two days o f greening co nsiderable am ounts o f xanthophylls are present in the SAN 6706-and 9789-treated leaves, and x an th o phylls have been dem onstrated to exert effective protection against chlorophyll p h o to b leach in g [15] . In our experim ents parallel to the d isap p earan ce of the carotenes the chlorophyll accu m u latio n stopped, but appreciable d eg radation did not occur. O u r results favour the idea th at pyridazinones can in te r fere with chlorophyll biosynthesis. T his includes the possibility that these com pounds affect th e synthesis o f proteins necessary for the fo rm atio n o f chlorophyll-protein com plexes. It is interesting in this respect that the low -tem perature fluorescence spectra of SAN 6706-and 9789-treated leaves in the final stage o f greening are very sim ilar to those obtained after treatm en t w ith a chloroplast p ro tein synthesis inhibitor, lincom ycin [16] . A sim ilar change in the spectrum was detected follow ing the application o f benzonitrile h erbicides [17] , in d i cating that this sym ptom can be considered as a general response o f plants to d ifferen t herb icid es and inhibitors.
